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Abstract. Many factors influence the success of apartment development projects, but it is difficult to quantitatively measure 
them. In terms of risk control, the five most direct influence factors are sales ratio, unit sale price, financial cost, land cost, 
and construction cost. These factors will vary during the project, from planning to land purchase to design to sale to con-
struction, and the levels of these factors will also affect project performance. Therefore, it is necessary to dynamically fore-
cast, control and monitor, and manage these factors in order to successfully implement apartment development projects. 
This study develops a dynamic simulation model to analyze the economic feasibility of apartment development projects. It 
draws a causal loop diagram of the aforementioned influence factors, develops a simulation model using system dynamics, 
and verifies the model with a case study of a 1,794-unit apartment development project. Using this simulation model, it is 
possible to quickly and easily simulate the economic effects of the risk factors that change throughout the project, analyze 
its economic feasibility, and develop a plan to reduce economic losses, if necessary. The simulation model can also identify 
the optimal conditions for project feasibility and develop a risk-control model for apartment development projects.
Keywords: apartment, development projects, economic feasibility, risk factors, system dynamics, simulation model.
Introduction
Numerous factors influence the success of apartment de-
velopment projects (Rachmawati, Soemitro, Adi, & Susila-
wati, 2018). Shi Ming and Chee Hian (2005) suggested 
that location, transportation, convenience facilities, educa-
tional environment, infrastructure, and relevant laws and 
regulations all influence the apartment sales ratio, deter-
mining whether apartment development projects will suc-
ceed or fail. Michael, Vicky, and Michael (2002) and Go, 
Hong, Song, and Park (2005) sought to determine project 
feasibility by analyzing location, surrounding areas, con-
structor brand preferences, and investment value, while 
Koo and Jung (2007) categorized risk factors largely into 
development location and market environment so as to 
analyze the feasibility of construction and development 
projects; the risk factors were further classified into 220 
evaluation items, including qualitative elements.
However, it is difficult to clearly and quantitatively 
measure the relationship between risk factors and project 
feasibility, and virtually no studies have dealt with this 
subject. In particular, previous attempts did not prop-
erly reflect a dramatically changing project environment 
before, during, and after a project period. As a result, no 
clear, quantitative analysis of project feasibility has yet 
been performed (Ferreira & Jalali, 2015). Moreover, the 
current methods do not really quantify the risks caused 
by a changing environment in an apartment develop-
ment project (Kim, 2006). It is therefore necessary to 
determine which factors can best be used to make a full 
quantitative analysis of project feasibility, and establish a 
simulation model that reflects the dynamic relationship 
among them.
According to Park (2018), Won (2014), and Park, 
Kwon, Cho, and Paek (2008), the risk factors that di-
rectly impact the success or failure of a project include 
sales ratio, unit sale price, financial cost, land cost, and 
construction cost. These factors will, however, vary dur-
ing the project cycle, from project planning to land pur-
chase to design to sale to construction, and the levels of 
these factors will affect project performance (Park, Chu, 
Lee, & Kim, 2009). Thus, it is necessary to dynamically 
forecast, control and monitor, and manage these factors 
in order to successfully implement apartment develop-
ment projects. This study develops a dynamic simulation 
model to analyze the economic feasibility of apartment 
development projects.
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1. Methodology
In order to develop a dynamic simulation model for eco-
nomic feasibility analysis of apartment development pro-
ject, this study proceeds as shown in Figure 1. First, the 
causal loop diagram is created after analyzing the influ-
ences of economic risk factors of apartment development 
projects such as sales ratio, unit sale price, financial cost, 
land cost, and construction cost. Second, a simulation 
model for economic feasibility analysis is developed by the 
system dynamics method based on the generated causal 
loop diagram. Here, system dynamics is used to determine 
the economic effect of the risk factors over time. Third, the 
effectiveness of the developed simulation model is verified 
through a case application.
Figure 1. Methodology
The dynamic simulation model developed in this study 
will provide a new approach to easily and quickly simulate 
the economic effect of changing risk factors throughout an 
apartment development project. In practice, it can be used 
to analyze the economic feasibility of apartment develop-
ment projects and to prepare strategies to reduce econom-
ic losses. In addition, it will be used to identify conditions 
for optimizing the feasibility of apartment development 
projects and to develop a risk management model.
2. Preliminary study
2.1. Dynamic consideration of risk influence factors
This section specifically illustrates the problems of ex-
isting project feasibility analysis methods by evaluating 
some preceding studies and suggesting a new direction 
for model development.
First, in selecting the risk factors in apartment devel-
opment projects, most past studies included qualitative 
factors such as location, environment, and social and po-
litical factors, as well as quantitative factors that directly 
affect project profit and cost. For instance, Park, Sun, and 
Kim (2006) included educational environment, conveni-
ence facilities, status of the real estate market, and aware-
ness of constructor brands, and analyzed the weight of 
each variable according to importance. Ball, Meen, and 
Nygaard (2010) also selected transportation and accessi-
bility, surrounding area, apartment features, and neigh-
borhood community as apartment purchasing determi-
nants, analyzed them through interviews with experts, 
and measured the importance of each element.
However, those studies considered too many qualitative 
factors, causing confusion in analyzing actual project feasi-
bility. They simply illustrated how much impact the qualita-
tive factors would have on project performance and failed 
to clearly quantify the relationship between these factors 
and project performance. For this reason, it is impossible to 
practically and effectively apply those studies’ results.
In contrast, this study addresses only the more qualita-
tive, core risk factors in order to analyze project feasibility. 
In terms of risk control, Park (2018) and Won (2014) sug-
gested that the most important qualitative factors are: sales 
ratio, unit sale price, financial cost, land cost, construction 
cost, and length of sale period, which reflect the actual 
prices, land values, and sales ratios of the surrounding 
area. Huh, Hwang, and Lee (2012) and Park et al. (2008) 
attempted to control risks qualitatively and rationally by 
defining land cost, construction cost, and financial cost as 
factors directly influencing overall project cost.
The discussed studies correctly listed the variables used 
to analyze project feasibility and economic feasibility, by 
confining the risk factors to the few that directly influence 
project profit. Similarly, this study defines five economic 
risk factors to analyze project feasibility: sales ratio, unit 
sale price, financial cost, land cost, and construction cost.
Also, most past studies of project feasibility for apart-
ment development projects utilized statistical analysis 
methods such as time series, regression, and sensitivity 
analysis. For instance, Bae, Kim, Shin, and Cha (2017) 
performed regression analysis on an apartment develop-
ment project case of 350 units in 127 apartment blocks in 
order to use apartment price determinants as a qualitative 
price index. Schniederjans, Hoffman, and Sirmans (1995) 
evaluated the characteristics of qualitative and quantita-
tive factors that influence the apartment development 
process using the analytic hierarchy process (AHP), and 
established a project feasibility analysis model through 
time series analysis. Yoon, Yun, and Paek (2006) defined 
risk factors requiring special attention through sensitivity 
analysis in order to forecast the cash flow of real estate 
development projects.
However, Choi (2002) suggested that data-based time 
series and regression analysis are static analysis methods 
and thus cannot dynamically reflect various changes that 
may occur over time, since static analysis methods esti-
mate numeric data corresponding to analysis-related con-
ditions only at the time of analysis. According to Choi, 
Park, Lee, and Hwang (2017), when apartment develop-
ment projects require several years to complete, significant 
changes may occur in the conditions being analyzed dur-
ing the project timeline, invalidating the effectiveness of a 
plan that was developed based on initial analysis results. 
In other words, the existing analysis models of project 
feasibility cannot reflect a dynamically changing environ-
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ment over a project timeline, meaning they do not con-
sider time as an important variable.
To address this problem, Al-Bahar and Crandall (1990) 
and Mills (2001) stated that system dynamics need to be 
adopted if the systems and profit structure, as well as the 
cash flow, are as complex as those of building development 
projects. System dynamics can identify the flows of profit 
and cost that occur due to the feedback structure of vari-
ous risk factors over a long period of time, and thereby 
evaluate the pattern of changes in the economic feasibility 
of projects (Mills, 2001).
Accordingly, this study establishes a dynamic simula-
tion model of five economic risk factors (sales ratio, unit 
sale price, financial cost, land cost, and construction cost). 
Using this model, it is possible to easily and quickly simu-
late the economic effects of the risk factors that change 
throughout a project, and develop a plan to analyze its 
economic feasibility and reduce economic losses.
2.2. Dynamic simulation model concept
The simulation model developed in this study can be used 
to determine project profit over time using multiple cases 
by considering the dynamic relationship among five eco-
nomic risk factors: sales ratio, unit sale price, financial 
cost, land cost, and construction cost.
To establish a dynamic simulation model, a genera-
tion model is first established, which includes a calcula-
tion formula based on the mathematical definition of each 
factor. Then a simulation model is developed based on the 
generation model. To this end, the concept of a generation 
model for establishing a dynamic model, and a simulation 
model to be developed based on the generation model, 
will be defined here.
As shown in Figure 2, this generation model measures 
project profit by calculating income and cost using five 
economic risk factors (sales ratio, unit sale price, financial 
cost, land cost, and construction cost) (Chen, O’Brien, 
& Herbsman, 2005). The five economic risk factors are 
defined as f1, f2, ⋯, f5 and formulas to calculate income 
and cost are drawn. Thus, the relationship between project 
profit and each factor is mathematically connected.
A generation model is designed to mathematically de-
fine the relationship between individual influence factors 
and project goals, while a simulation model is established 
based on the generation model to simulate multiple cases 
(Park, 2018). Further development of the generation mod-
el is described in detail in Section 4 using a mathematical 
model of each factor.
Once a generation model is developed, a simulation 
model can be established based upon it. As shown in 
Figure 3, the five economic risk factors are mathemati-
cally defined as probabilistic random variables for the five 
mathematically defined economic risk factors are created, 
and n values of income and cost are calculated for the 
project; thus, multiple cases of project profit are pro-
duced. The upper and lower control limits of each factor 
to achieve the targeted profit can be set using the multiple 
cases resulting from the simulation. The process and de-
tails of establishing the model building and management 
ranges will be described in detail in Section 4.
3. Causal loop diagram
In this section, the interrelationships among economic 
risk factors are analyzed and a causal loop diagram is de-
veloped. As shown in Figure 4, the economic feasibility of 
apartment development projects is determined by project 
profit, which is calculated using project costs, financial 
cost, sales income, and financial income (Chan & Au, 
Figure 2. Generation model concept
Figure 3. Simulation model concept
Figure 4. Causal loop diagram
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2009). For the calculation formula of project profit, see 
Formula (9) in Section 4.4.
Sales income is calculated using sales income, unit sale 
price, sale area of each unit, and sales ratio as shown in 
Figure 4; any change in these factors affects the level of 
sales income (Tan, Shen, & Langston, 2010). Sales income 
and its related influence factors are calculated in Formulas 
(1) to (3) in Section 4.1. As shown in Figure 4, the deposit 
interest income for surplus funds should be added when 
calculating FI, and costs other than f3, f4, and f5, such as 
expenses for showroom building, advertising, and approv-
al and licensing, should be reflected when calculating FC 
(Jeong, 2001).
Project costs are also calculated using land cost, con-
struction cost, and other expenses, and any change in 
these factors affects the level of project costs (Isaac & 
Navon, 2009). Project costs and their related influence 
factors are calculated in Formulas (4) to (7) in Section 4.2.
An example of a causal relationship among the factors 
shown in Figure 4 is land cost, which often comprises a 
very large portion of total project costs, especially for de-
velopment sites closer to cities (Adair, McGreal, Smyth, 
Cooper, & Ryley, 2000). If the land cost is higher than ex-
pected, the unit sale price must go up to meet the targeted 
project profit. This consequently affects the sales ratio and 
financial cost, which determine the success or failure of 
the project (Zavadskas, Turskis, & Tamošaitiene, 2010). 
Therefore, it is necessary to plan and determine the total 
land cost and the maximum limit of the individual land 
cost by considering total project costs.
According to the many studies (Huh, Hwang, & Lee, 
2012; Park, Sun, & Kim, 2006; Ball, Meen, & Nygaard, 
2010) and actual development projects performed so far, 
the unit sale price has a strong correlation with the market 
price neighboring apartments, ie, the actual price of the 
surrounding area. The biggest risk factor before a sale is 
the unit sale price (Albert, Grenier, Denis, & Rousseau, 
2008). Here, unit sale price is determined by consider-
ing the project costs and profit as shown in Figure 4. It 
can be changed by comparing and reviewing the actual 
unit prices in the surrounding area when preparing for 
the project. If the unit sale price is set higher than the 
actual prices in the surrounding area, the sales ratio will 
be low, making it difficult to secure enough funding and 
causing a setback in project progress. If the unit sale price 
is set lower than of those in the surrounding area, it will 
be impossible to meet the profit forecasts (Seo, 2016). In 
other words, houses sold at unit sale prices lower than the 
market price are sold out quickly, but they are perceived as 
having lost the opportunity to raise project profit by sell-
ing more expensive. As a result, when the unit sale price 
is determined, the level of reflection of the actual price of 
the surrounding area becomes a key factor in determining 
the project profit. Therefore, the financial benefits from 
the project must be verified by closely reviewing the land 
cost, licensing charges, and a variety of other payments to 
determine the unit sale price; the control range of the unit 
sale price can be adjusted to achieve the targeted profit.
After the unit sale price is determined and sales begin, 
the next biggest influence factor is the sales ratio. If the 
initial sales ratio is high, sufficient funding for the pro-
ject will be secured (Caldera & Johansson, 2013). In other 
words, the project financing (PF) costs and other financial 
costs can be reimbursed early to increase profit. If the sales 
ratio is low, the flow of funds will become unpredictable 
and the constructor may fail to make repayments, which 
is a major cause of project failure (Warszawski, 2003). For 
this reason, it is necessary to forecast the flow of funds and 
set the control range of the sales ratio through the simula-
tion, thereby determining whether to change the unit sale 
price, take the hit, or withdraw from the project.
Thus, what determines changes in sales income or pro-
ject costs are the ranges of the various related influence 
factors (the variables). It all comes down to project profit. 
Therefore, the main purpose to the model developed in 
this study is to maintain sufficient project profit by adjust-
ing the sale income and/or the project costs within the 
variation ranges of the influence factors.
4. Dynamic simulation model
This section shows how to establish a dynamic simula-
tion model based on the casual loop diagram drawn in the 
previous section. It is intended to dynamically analyze the 
economic risk factors related to profit over time (Nasirza-
deh, Afshar, Khanzadi, & Howick, 2008). The proposed 
model works from t0 to t3 as shown in Figure 5.
t0 is the phase of carrying out the economic feasibil-
ity study of the project on hand. If the feasibility of the 
project is confirmed by the proposed dynamic simulation 
model at this stage, the project is started. The purchase of 
land is followed within the range obtained by the simula-
tion result, and the preliminary construction contract is 
executed.
Figure 5. Simulation phases of economic feasibility
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t1 is the phase of acquiring a building permit after 
completing the design of the buildings. Project contents 
such as number of buildings and housing units, building 
heights, building coverage and volume can be changed 
from the initial plan. The final construction contract is 
made according to the result of this phase, and it affects 
the project profit. Therefore, the sale price should be re-
viewed again by reflecting the result and the change of 
economic situation by the proposed simulation model.
t2 is the phase to start the sale, and construction is 
started at the same time. Before the sale, the final sale price 
should be finally determined by the proposed model after 
continuously monitoring the market situation up to t2.
t3 is the time when low sales ratio has been confirmed. 
For reference, t3 does not occur if the sale is completed 
at t2 or if the sale proceeds at the expected sales ratio be-
fore t3. At this phase, land and construction cost cannot 
be changed because they are already acquired and signed. 
And the financial costs will increase sharply because the 
progress payment for the apartment buildings should be 
paid continuously. In other words, unlike individual hous-
ing units, which are built by order, residential buildings 
should be constructed entirely even if only a part of all 
housing units are sold.
In this case, the sales income is not sufficient enough 
to cover the construction cost, and the interest cost of pro-
ject loan is sharply increased due to the rapid increase of 
it. If this situation gets worse as time goes by, the project 
will default. In order to prevent such a situation, the resid-
ual houses must be sold again after reducing the unit sale 
price even if profit is minimized. The bold line in Figure 
6 shows the feedback routine that simulates the sales in-
come and project profit after reducing the unit sale price.
Such a feedback structure basically aims that the finan-
cial cost, which is increased by the unsold housing units, 
becomes smaller than the adjusted target profit. New strate-
gies should be established to minimize deficits if the sales 
ratio is consistently low after t3. This feedback structure is 
reflected in the dynamic model of this study. This case will 
be explained in more detail in Chapter 5 Case Analysis. In 
this way, the dynamic model of this study can be simulated 
according to the business stage (t0-t3), and it can be oper-
ated flexibly according to the decision of the developer.
4.1. Income model
Because existing feasibility analyses do not take time into 
account, they are unable to reflect profit or cost that oc-
curs over an extended period of time (Yuan, Shen, Hao, 
& Lu, 2011). However, the model developed in this study 
is designed to calculate sales income over time, and can 
show the change in monthly sales income caused by 
changes in sales ratio and unit sale price, which are eco-
nomic risk factors (Figure 7).
The total sale income from apartments ( totalS ) is cal-
culated by Formula (1); it is estimated as the sum of the 
monthly sale income. Monthly sale income is automatical-
ly calculated from the unit sale price per apartment type 
(
itype
UP ), the sale area of each unit per apartment type 
(
itype
UA ), and the number of units per apartment type 
( iN ). Here, unit sale price must reflect the actual prices 
in the surrounding area, including neighboring housing 
prices and locations. The number of months from project 
commencement to completion (j) is set by a parameter. 
Accordingly, this model can project income that occurs 
over time.
l m
i 1 j 1
( ).
i itotal type type i ij
S UP UA N f x
= =
= × × ×∑∑  (1)
The total sales ratio (
itype
R ) is the sum of the monthly 
sales ratio ( ijx ) from the start of the sales period until 
the project is completed, as shown in Formula (2). Here, 
(
itype
R ) does not need to exceed 1, and the sales period 
(j) is limited to the time from project commencement to 
completion.





type ij i i ij in
j
R f x x x x x
=
= = + +…+ +…+∑  (2)
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This income model can show the change in final pro-
ject profit by linking it to a cost model and a financial 
model. This allows for setting the upper and lower control 
limits of the unit sale price and the sales ratio, which are 
Figure 6. Causal loop diagram focused on t3 Figure 7. Income model
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the major influence factors, in order to review the feasibil-
ity and control the risk at each stage of the project.
4.2. Cost model
The cost model developed in this study is designed to pro-
duce monthly costs by entering construction costs, land 
cost, and other expenses as shown in Figure 8.
The total project cost ( totalC ) is calculated as the sum 
of monthly construction cost ( jCC ), monthly land cost 




total j j j
j
C CC CL CE
=
= + +∑  (4)
Construction cost ( jCC ) is calculated as the sum of 
direct construction cost (
jdire
C ), to be input on a monthly 
basis, and indirect construction cost (
jindi










= +∑  (5)
The cost model calculates land cost ( jCL ) by multi-
plying land cost per each lot ( iPL ), land area per each lot 
( iAL ), and land cost rates ( jRL ) during the period from 





j i i j
i j
CL PL AL RL
= =
= × ×∑∑  (6)
Other expenses ( jCE ) are calculated as the sum of 
outsourcing service cost (
jos
C ), sale expenses (
jps
E ), and 
other expenses (
jot






j os ps ot
j
CE C E E
=
= + +∑  (7)
Here, the outsourcing service cost includes design fees, 
inspection fees, and survey fees. Sale expenses include all 
expenses related to sale, including advertising costs, model 
house (M/H) site rent, M/H building cost, M/H operation 
cost, and sale agency fees. Other expenses include devel-
opment shares, preservation registration fees, commission 
on sale guarantees, and reserved funds. Each cost item is 
calculated for each period according to a payment rate, 
and then linked to a financial cost model to produce total 
spending.
The cost model can show the change in final project 
profit by linking it to an income model and a financial 
model. This allows for setting the upper and lower con-
trol limits of construction cost and land cost, which are 
the major influence factors, to review the feasibility and 
control the risk at each stage of the project.
4.3. Financial cost model
A financial cost model incorporates monthly financial 
income and monthly financial cost, as shown in Figure 
9. Financial cost and income are calculated according to 
monthly gain and loss based on monthly sale income (Sj) 
and monthly spending (Cj). Here, the sale period is very 
important in calculating financial cost.
Most apartment development project failures are at-
tributed to inadequately forecasting the sale period (Lee, 
Lee, & Kim, 2016), because extended sale periods lead to 
enormous expenses (Woo & Lee, 2005). Therefore, the 
model developed in this study is designed to project fi-
nancial costs and income that occur as the project goes 
on, by setting the number of months from project com-
mencement to completion as a parameter. The calcula-




 0,     
 Here,  k :   .






C S C k
if S C deposit interest rates is applied
if S C loaninterest rates is applied
=
= − ×
 − ≥  − < 
∑
 (8)
Here, financial cost (CF) occurs when the amount 
of monthly income (Sj) is greater than or equal to the 
amount of monthly cost (Cj), and it is calculated by ap-
plying deposit interest rates. This calculates the total in-
come as the sum of sale income and financial income by 
linking it to an income model.
Financial cost also occurs when the amount of 
monthly income (Sj) is less than the amount of monthly 
cost (Cj), and it is calculated by applying loan interest 
rates. This is designed to calculate total spending as the 
sum of project cost and financial cost by linking it to a 
cost model. In particular, this model can show the maxi-
mum financial cost arising from the calculated monthly 
financial cost, and whether one should raise funds in a 
timely manner; this will help determine the success of 
the project.
Figure 8. Cost model Figure 9. Financial cost and income model
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4.4. Integrated simulation model
One existing approach to analyzing project feasibility in-
volves simply listing income and costs one by one and con-
verting them into monthly values, without considering the 
complex interactions of the various factors which affect in-
come and cost (Han, Jang, Lee, & Kim, 2007). In contrast, 
the integrated simulation model developed in this study 
simulates project profit by considering causal relationships 
and linking them to an income model, a cost model, and a 
financial cost model, as shown in Figure 10.
Project profit (PProject) is calculated by subtracting 
the sum of monthly cost (Cj) and monthly financial cost 
( jFC ) from the sum of monthly income (Sj), and monthly 
financial income ( jFI ) which occur during the project, 
as shown in Formula (9). Here, the change in project 
profit is displayed by changing the factors applied to the 
income and cost models. This allows for project feasibil-
ity analysis and risk control against any changes in the 





project j j j j
j
P S FI C FC
=
= + − +∑  (9)
Accordingly, it is possible to simulate project profit by 
changing the sales ratio, unit sale price, construction cost, 
land cost, and financial cost, the economic risk factors that 
will directly influence the success of projects. This allows 
for setting the upper and lower control limits of each fac-
tor to achieve the targeted profit, review feasibility, and 
control risk at each stage of the project.
In Figure 10, the unit sale price and the expected sales 
ratio should be linked dynamically, and mathematical for-
mulas or logics should be provided to estimate the effect 
of the unit price on sales. However, to date, there has been 
no quantitative formulas or logics of the effect. A lot of ac-
cumulated data and efforts are needed to solve this issue. 
Therefore, in the proposed model, the sales ratio should be 
determined by the experts’ judgment of building project 
development considering the sales ratio result of similar 
projects already performed in the neighboring region and 
various market conditions until the dynamic relations to 
clearly explain the effect of the unit price on sales are fa-
cilitated.
5. Case application and discussion
This section verifies the effectiveness of the simulation 
model through case application. The model of this study 
can be simulated at each phase (t0-t3). In phase t0-t2, the 
developer sets a control limit for each factor so that the 
targeted profit can be achieved using the model. In this 
case, t3 does not occur if the sale is completed at t2 or if 
the sale proceeds at the expected sales ratio before t3. If, t3 
is occurred, in phase t3, the developer adjusts the unit sale 
price to simulate the financial cost and profit according to 
the change in the residual sales ratio.
Table 1 shows an overview of a case project to supply 
1,794 apartment units, to be built with 31 stories above-
ground and 2 basement levels. The apartment project con-
sists of 442 units of 75 m2, 1,192 units of 102 m2, and 160 
units of 126 m2.
Table 1. Brief description of a case project
Description Contents
Project title HID apartment development
Location Goyang, Gyeonggi, Korea
Site area 84,971 m2
TFA/Building area 277,525 m2/11,894 m2
Volume/Building coverage 229.09%/14.00%
No. of units 1,794 units (3 types)
Construction period 28 months
The case project acquired land at 1,125 USD/m2 and 
sold it at 3,090 USD/m2 after completing the licensing 
procedure. The case project expects the initial three-
month sales ratio to exceed 60%. However, the actual 
sales ratio remained at 30%. When reviewing the initial 
project feasibility, the rate of return was expected to be 
around 9.3% (about 56,742,620 USD). But, when the 
apartments were built, the poor sales ratio resulted in 
unsold new apartment stock and failure to achieve the 
targeted rate of return.
A general project feasibility review cannot forecast 
dynamic changes in profit caused by variations in sales 
ratios and interest rates (Li & Liao, 2007). In other 
words, it is difficult to respond to risks before confirm-
ing the final results of a project (Schieg, 2008). However, 
the model developed in this study can perform dynamic 
analysis over time, so in the event of a poor sales ratio, 
for example, it can simulate the project profit by chang-
ing the factors which influence project income.
(1) Initial sales strategy
The initial values of the risk factors were entered as 
shown in Table 2, with 3,090 USD/m2 in unit sale price, 
1,125 USD/m2 in land cost, 968 USD/m2 in construction 
cost, and 165 USD/m2 in other expenses, including out-
sourcing service costs, sale expenses, and other expenses. 
The project period was 46 months, and 4.1% loan interest 
rates and 2.9% deposit interest rates were applied.Figure 10. Integrated simulation model
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Table 2. Initial values of risk factors
Item Unit Initial value
Unit sale price USD/m2 3,090
Land cost USD/m2 1,125
Construction cost USD/m2 968
Other costs USD/m2 165
Loan interest rates % 4.1
Deposit interest rates % 2.9
Project period Months 46
Note: KRW 1,127.90 = USD1.00 as of 2018/08/03 (Bank of Korea).
These values were applied to the dynamic simulation 
model in Figure 10. Assuming that each risk had a stand-
ard deviation of 0.1, as shown in Figure 11, random vari-
ables with normal distributions were created. These were 
used to determine the changes in project profit.
Simulations were performed 100,000 times to forecast 
the project profit, as graphed in Figure 11 (a)–(d) and 
summarized in Table  3. As a result, the average, maxi-
mum, and minimum unit sale prices were: 3,091 USD/m2, 
4,326 USD/m2, and 1,707 USD/m2 respectively as shown 
in Figure 11 (a). The average, maximum, and minimum 
land cost were: 1,125  USD/m2, 1,576  USD/m2, and 
664 USD/m2 respectively as shown in Figure 11 (b). The 
average, maximum, and minimum construction costs were 
968 USD/m2, 1,384 USD/m2, and 550 USD/m2 respective-
ly as shown in Figure 11 (c). Depending on the variation 
in risk factors, the average, maximum, and minimum pro-
ject profits were: 56,737,158 USD, 200,255,758 USD, and – 
82,461,955 USD, respectively, as shown in Figure 11 (d).
If, for instance, a developer sets the targeted rate of 
return to 9.3%–10%, the unit sale price, land cost, and 
construction cost need to be set within the ranges of 
2,174–4,067 USD/m2, 728–1,526 USD/m2, and 787–
1,140 USD/m2, respectively. If they are beyond these con-
trol limits, a plan to minimize risks, such as a change in 
the targeted rate of return, needs to be developed.
In this way, the dynamic simulation model developed 
in this study can forecast a project’s rate of return accord-
Figure 11. Random variable generation by factors and changes in project profit
Table 3. Results of simulation at the initial project review phase
Description Unit Times Average Maximum Minimum
Unit sale price USD/m2 100,000 3,091 4,326 1,707
Land cost USD/m2 100,000 1,125 1,576 664
Construction cost USD/m2 100,000 968 1,384 550
Profit USD 100,000 56,737,158 200,255,758 –82,461,955
Note: KRW 1,127.90 = USD1.00 as of 2018/08/03 (Bank of Korea).
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ing to changes in its risk factors. This model also allows 
a developer, through simulation, to determine the upper 
and lower control limits of each factor to achieve the tar-
geted project profit. If the project is operated within the 
control limits, the targeted profit can be achieved.
(2) Re-simulation after confirming low sales ratio at t3
For example, the actual initial 3-month sales ratio of the 
case project is 30% (12%, 10%, 8%). This is half of the sales 
ratio of 60% expected at the initial project review phase 
(t0). Due to the low sales ratio, financial costs have in-
creased as the sales period for unsold housing units takes 
long time. As a result, the target profit rate of 9.3% was not 
achieved and failed in business aspect.
Therefore, this study assumes that the developer 
adjusts the original unit sale price, 3,090 USD/m2, to 
2,960 USD/m2 at t3, and simulates again the financial cost 
and the business profit due to the change of the residual 
sales ratio. Table 5 and Figure 12 shows the results. In this 
simulation, the monthly sales ratio is set to a normal dis-
tribution. The average and standard deviation reflect the 
actual sales data after t2. Here, the constraint of normal 
distribution is subject to the minimum value of 0% and 
the maximum value, the residual sales ratio at the time of 
re-simulation such as 70% in this case.
As a result of simulating the residual sales ratio 
1,000 times as shown in Table  5, the average, maxi-
mum and minimum financial costs are 14,087,000 USD, 
16,915,000 USD and 13,708,000 USD, respectively. And 
Table 4. Setting the control limits





Unit sale price Land cost Construction cost
1 –14.2 –82,461,955 2,841 1,440 1,305
2 –12.3 –73,456,896 2,676 1,412 1,252
     
49,875 9.3 57,651,200 3,393 1,131 999
49,876 9.3 57,155,902 3,244 1,197 954
     
99,999 26.7 183,084,398 3,568 927 664
100,000 29.2 200,255,758 3,501 1,052 603
Note: KRW 1,127.90 = USD1.00 as of 2018/08/03 (Bank of Korea).
Figure 12. Simulation result at t3
Table 5. Results of simulation at t3 (Unit: 1,000 USD)
Trial 
value M+4 M+5 M+6 M+7 M+8 M+9 M+10 M+11 M+12 M+13 Total
Financial
cost Profit
1 7% 6% 2% 6% 6% 11% 2% 6% 6% 17% 100% 16,915 23,933
2 7% 10% 7% 4% 4% 4% 10% 3% 8% 12% 100% 16,082 34,216
3 7% 7% 7% 6% 10% 7% 5% 7% 2% 10% 100% 15,734 37,904
… 　… 　… 　… 　… 　… 　… 　… 　… 　… 　… 　… 　… 　…
998 13% 15% 12% 14% 14% 1% 1% 0% 0% 0% 100% 13,750 58,115
999 13% 14% 15% 13% 13% 1% 0% 0% 0% 0% 100% 13,732 58,135
1000 15% 13% 16% 17% 9% 0% 0% 0% 0% 0% 100% 13,708 58,152
Note: 1,127.90 Won = 1 USD as of 2018/08/03 (Bank of Korea).
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the average, maximum and minimum project profit are 
41,042,000 USD, 58,152,000 USD and 23,933,000 USD, re-
spectively. The sales should be completed within 5 months 
in order to achieve maximum profit, and the sales strategy 
should be set up to achieve 15%, 13%, 16%, 17% and 9% 
sequentially. If the actual sale results for the next month 
fail to achieve the expected sale ratio, a new strategy 
should be established by adjusting the target profit again. 
In this way, the simulation is repeated according to the 
result over time by the model of this study.
As described in Section 4, the mathematical algo-
rithms of the dynamic simulation model proposed in this 
paper logically correspond to the risks that arise as the 
project business progresses. In particular, the model is fa-
cilitated to feedback dynamically as shown in Figure 6 if 
the low sales ratio is confirmed at t3 in Figure 5, which is 
the most important point of business failure. And, in case 
of such a situation, a strategic countermeasure was simu-
lated through the case study. In other words, the dynamic 
model presented in this study is logically responding to 
the situation, and the validity of the proposed model is 
verified through the case study.
However, even if the validity of the model has been 
verified, its effectiveness will vary with the user’s analysis 
and response abilities. If the optimization and risk man-
agement algorithms are further developed and equipped 
in the proposed model in near future, it will be very help-
ful for decision making for successful business manage-
ment.
Conclusions
This study developed a simulation model that can dynami-
cally forecast, control and monitor, and manage the five 
major economic risk factors of apartment development 
projects. Sales income and project costs can be adjusted 
within the variation ranges of the risk factors, to ensure 
project profitability. The model’s effectiveness was verified 
through a case analysis as follows:
First, the simulation model easily and quickly calcu-
lated the variation range of the profit by analyzing the dy-
namic relationships of the risk factors. In the case project, 
simulations based on the initial values created during pro-
ject preparation produced average, maximum, and mini-
mum project profits of 6,737,158 USD, 200,255,758 USD, 
and – 82,461,955 USD.
Second, this model produced the upper and lower 
control limits of each risk factor to achieve the targeted 
profit using the simulation results. In the case project, 
the management range of the unit sale price, land cost, 
and construction cost to achieve the target profit rate of 
9.3–10% was derived from 2,174–4,067 USD/m2, 728–
1,526 USD/m2, and 787–1,140 USD/m2.
Third, the proposed dynamic model simulates the 
financial cost and project profit by adjusting the unit 
sale price when the low sales ratio occurs. The simula-
tion results support the developer’s decision making. In 
the case project, if the unit sale price is adjusted from 
3090 USD/m2 to 2,960 USD/m2, the project profit is an 
average of 41,042,000, up to 58,152,000 USD and a mini-
mum of 23,933,000 USD.
In this way, the model developed in this study is able 
to control project risk factors, and can easily and quickly 
simulate the economic impact of risk factors which change 
throughout the project. The simulation results can be used 
to analyze the economic feasibility of the project and de-
velop a plan to reduce its economic loss, if necessary. It 
will also be used to develop optimization and risk man-
agement models in the future.
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Notations
Variables and functions
projectP  – Project profit (USD)
totalS  – Total sale income (USD)
itype
UP  – Unit sale price (USD/m2)
itype
UA  – Sale area of each unit (m2)
iN  – Number of units (EA)
( )ijf x  – Sales ratio (%)
itype
R  – Total sales ratio (%)
totalC  – Total project cost (USD)
jCC  – Construction cost (USD)
jCL  – Land cost (USD)
jCE  – Other expense (USD)
jdire
C  – Direct construction cost (USD)
jindi
C  – Indirect construction cost (USD)
iPL  – Land cost per each lot (USD/m2)
iAL  – Land area per each lot (m2)
jRL  – Monthly land cost ratios (%)
jos
C  – Outsourcing service cost (USD)
jps
E  – Sale expense (USD)
jot
E  – The other expense (USD)
FC  – Total financial cost (USD)
k  – Deposit and loan interest rates (%)
jFI  – Monthly financial income (USD)
jFC  – Monthly financial cost (USD)
i  – Number of unit types (Constant)
j  – The number of months from project commencement 
to completion (constant)
